ABSTRACT
INTRODUCTION
Investigation on boundary layer of free turbulent convection along a vertical plate is really vital not only in terms of heat transfer mechanism, but also in clarifying the turbulent movement phenomenon. Tsuji et al [1, 2] measured the average and turbulent values of velocity and temperature profiles , as well as heat transfer rate and wall shear stress for boundary layer of turbulent free convection flow of the air. His results revealed that the boundary layer of free convection flow has a special turbulent feature that has been fairly seen in other boundary layer of other turbulent flows. On the other hand, the effect of fluid blowing from the surface can be an interesting issue that has been studied for a long time [3] . In the boundary layer, blowing causes an increase in thickness of the boundary level and makes the flow turbulent. The effect of blowing and suction on the boundary layers in free convection flow had been proposed by Eichhorn [4] in which the equations for a vertical wall with site function's temperature were solved using a similarity method. The results showed that blowing and suction in laminar flow has little effect on coefficient of friction. Blowing through a flat plate or a cylinder has been studied both experimentally [5, 6] and numerically [7] [8] [9] [10] [11] [12] for many years but also more recently. Similar articles have investigated the issue with other methods (more general modes) to evaluate the effect of blowing and suction (about heat transfer inside the channel) on the parameters of the wall shear stresses [13] [14] [15] . In many modern systems, such as compact heat exchangers and electronic parts, the mutual effects of turbulent free convection and radiation are considered on each other. Cheng and Muller [16] , in a numerical and experimental investigation, examined turbulent free convection flow of air along with thermal radiation within a three-dimensional rectangular channel with a constant hot wall temperature, this study considered a high Reynolds number. They studied the impact of temperature and emission coefficients changes on the velocity and temperature profiles, intake air mass flow rate from end of the channel and heat transfer. Dong and Lu [17] applied LES to a thermally stratified turbulent channel and studied the effects of temperature oscillations on the lower wall. Wang and Pletcher [18] investigated the influence of fluid properties variations in a turbulent channel flow with significant heat transfer. Murata and Mochizuki [19, 20] studied turbulent heat transfer in a two-pass square channel. Lee et al. [21] carried out simulations in a vertical channel with several temperature differences to study the coupling of fluid properties variations and gravity. Chatelain et al. [22] investigated numerical schemes for LES of heat transfer. Recently, problems including heat transfer, radiation, and blowing has been more considered. Abd ElAziz's [23] study represents the effects of thermal-diffusion on the free convection of heat and mass transfer over a permeable plate with suction-blowing, radiation and magnetic field.
The most important point about present study is the fact that this paper considers most of fluid flow parameters including velocity, temperature, wall shear stresses, turbulent viscosity and suctioned mass flow rate from inputs while flow occurs in vertical channels with three parameters free convection, the radiation and blowing in turbulent flow.
PHYSICAL MODEL
This model consists of a channel with two parallel plates, where height is called H and width is called L. The left wall is Isolated and the right wall is grooved with constant temperature. Blowing hot gas is done with the same as wall's temperature and uniform velocity from grooved wall, with increase in width and distance. Fluid flow in the channel is created due to the buoyancy force. In the entrance of the channel, fluid is entered with ambient temperature and the atmospheric pressure and hot exhaust gas is discharged to the atmosphere. It is assumed that all surfaces are gray, radiation properties are independent of the wavelength, the radiation coefficient is equal with the absorption coefficient and the fluid is non-participants in the process of radiation.
All the fluid properties are assumed to be constant, except density terms of free convection in the momentum equations in which had been modeled assuming the Boussinesq. It is assumed that all surfaces are gray, radiation properties are independent of the wavelength, the radiation coefficient is equal with the absorption coefficient and the fluid is non-participants in the process of radiation. The governing equations for steady two-dimensional state of noncompressible flow, using the conservation laws of mass, momentum and energy can thus be written as: 
Where all parameters have their conventional definitions. The right wall has Constant temperature and the left wall is isolated, thus radiation flux and flux transport in this boundary are equal ( r c ). By using Discrete Transfer Radiation Method and "ray tracing" technique, a system of radiation equations are derived, and after solving conservation equations, the flow field and temperature can be determined.
DISCRETE TRANSFER RADIATION METHOD AND RAY TRACKING TECHNIQUE
The main assumption in this model is the fact that amount of radiation which each element leaves in a certain range of space angles can be estimated by a single beam. In every radiation area, the radiation which is released in discrete values for polar angle (θ) and horizontal (Φ) and each beam can be followed to determine the element which is reached and absorbed.
THE STUDY OF NETWORK AND VALIDITY OF RESULTS
The numerical results for free convective heat transfer in a vertical channel with asymmetric heating and non-blowing wall had been compared with Cheng and Muller's [2] experimental data. In this survey, the channel width ratio (H / L) is 16, and the ratio of the whole diameter and gap width with the channel width (d / L) is 0.008, respectively radiation ratio is 0.9 and the Rayleigh number equals to 6.5×108. The act of gridding computational range was according to non-uniform gridding of Form H in Fig. [1] . Due to ensure the independence of numerical results relative to the grid, the three meshes with 80,000, 120,000, and 200,000 cells were used to compute. The results of velocity and temperature profiles were similar in all three output channels with high accuracy Fig. [2] , and show on average, 12% and 18%, respectively, different with the experimental data. This is an acceptable accuracy for a numerical solution and confirms the usage of Spalart Allmaras for turbulent flow model. In order to existent of y+ constraint, it is not possible to utilize grids with less than 80000 computational cells. For all presented results, the mesh density or a better one was utilized. 
NUMERICAL RESULTS AND DISCUSSION
Flow in geometry are considered for the function of six independent dimensionless parameters which include the Rayleigh number for vertical plate's height, Ra H , blowing Reynolds, Re B , radiation parameters (number of Stephen ), Stef, Prandtl number, Pr, the ratio of height to width of the channel, L H / , and the ratio of tracks thickness to channel width, L d / . This article presents resultants of the impacts in three parameters: Rayleigh number for vertical hot plate, blowing Reynolds number and radiation parameter (Stephen number). These three variable parameters are respectively defined as:
It is important to know that alteration in any of these variables will affect the flow parameters. Thus the problem for different values of the dimensionless numbers has been solved. Quantities of fluid properties and boundary conditions in all cases were considered in such a way that by shifting each parameter, other dimensionless numbers remain constant.
Rayleigh Number
Considering the aim to be investigation of turbulence, the range of Rayleigh number between 109 and 1012 has been studied. Dimensionless shear stress is defined as follows [5] .
Fixed values for other dimensionless numbers in this mode are selected in the following form:
In Fig. [3] The average dimensionless shear stress changes on a heated screen based on Rayleigh number is shown. According the lower Rayleigh values, Rayleigh highly affects shear stress, whereas with increased Rayleigh, the amount of this effect decreases which is consistent with in other papers . In high Rayleigh, the effects Rayleigh on the stress, remains constant for highly increased Rayleigh. It can be observed that in low Rayleigh numbers, the only turbulent flow is at the end the channel in hot wall blowing wall, which reaches the maximum level in the external opening. However, with the increase in the Rayleigh number, turbulent flow occurs earlier and in addition to the hot wall, the boundary layer which was caused by the isolated wall is also turbulent. In Rayleigh number 10 12 , almost the entire channel is turbulent in which, the turbulent viscosity is approximately 300 times more than fluid viscosity. This turbulence has a significant effect on the heat transfer and wall shear stress. In Fig. [5] , the average relative turbulent viscosity against the Rayleigh number variations is drawn, which indicates that the turbulent viscosity dependence on Rayleigh number is an exponential dependence with negative concavity. To define the reference velocity and dimensionless velocity, we applied the definition of reference velocity in free convection on a vertical plate. For such a plate, the reference velocity is defined as 2 1 Ra H  [24] . For the investigated problem, the output velocity caused by blown discharges, the value will also be added in the channel output. Thus the sequence of reference velocity and dimensionless velocity are defined as: It can be seen that the overall pattern of the diagram remains constant with the increase in Rayleigh, but the impact of Rayleigh on velocity decreases which is considered in shear stress. Also, with the increase of Rayleigh, the relative thickness of the boundary layer reduces and the flow gets closer to the wall. In order to make the input suctioned mass discharge dimensionless, the first statement of the velocity statement is applied. Thus, the suctioned dimensionless mass discharge will be as follows:  is the density of suctioned fluid in the input temperature. Figure (7) shows the relation between the dimensionless mass suctioned from the channel input with Rayleigh number. It can be perceived that the slope of the diagram is very high whereas it decreases with the increase in Rayleigh number. Figure (8) shows that as the Rayleigh increases, the role of blowing and radiation in heat transfer gradually decreases to 15% and 5 %, while a 20% increase is observed for convection heat transfer Figure 8 : the effect of Rayleigh number on the percentages of heat transfer
Blowing Reynolds Number
In order to investigate the effects of Reynolds number, a range of Reynolds number between 0 and 15 were studied. Fixed values for other dimensionless numbers were selected this way: and blocks the creation of shear stress between the fluid layers in the channel and the well. Also, as the velocity and consequently the Reynolds increases, the impact of the pushing back increases too. If the increase in Reynolds is associated with a constant speed, it can be concluded that increase in Reynolds (increase in density or decrease in viscosity diameter) can increases the shear stress. However, this trend continues as long as the boundary layers of the two walls did not meet. In Reynolds number more than 8, in which the boundary layers meet, the impact of the increase in Reynolds (with constant velocity), becomes reverse. Figure (10) shows the effects of Reynolds variation on the turbulent viscosity ratio to fluid viscosity in the channel.
Figure 10 : The effects of Reynolds variation on the turbulent viscosity ratio to fluid viscosity in the channel.
In Fig. (11) The variations in output dimensionless velocity is shown with respect to the variations in Reynolds number. Although the blowing Reynolds variations do not have a significant impact on the boundary layer of the insulated wall, it causes the boundary layer of the heated blowing wall to extend strongly. Increase in the blowing Reynolds not only augments the amount of diagram's quantity curve, it will also increase the distance of maximum point of the graph's curve from the right part of wall in which Rayleigh number growths inversely. what has been already mentioned in shear stress variation. In figure (13) , it is clear that in non-blowing mode, the blowing is 55% through radiation heat transfer and the rest is done by convection. However, as the Reynolds increases, blowing play the most important role in heat transfer. 
Stephen Numbers
In order to study the radiation parameters, a range of Stephen numbers from 0 to 250 has been investigated. The fixed values for other dimensionless numbers in this state were selected by this method:
Figs (14) show that the radiation parameters (Stephen number) had an insignificant impact on the average dimensionless wall shear stress with blowing, while an increase in Stephen number causes a rise in the dimensionless shear stress of the insulated wall with parabolic function. figure (19) , it is illustrated that as the Stefan number increases, the impact of radiation in transfer increase by 20% and the impact of blowing decreases 20%, while the impact of convection is insignificant and remains constant.
CONCLUSION
In this paper, the effect of radiation and blowing on free convection of fluid flow parameters was studied in a vertical channel. The results clearly demonstrate that the radiation process acts independent of blowing and free convection on the radiation wall. Blowing from wall has a double effect on shear stress of the radiation wall which led to cause increase in lower Reynolds numbers, and a decrease in shear stress in higher Reynolds numbers. Also, blowing increases the turbulence and the flow rate suctioned from input of the channel. In addition, effect of the Rayleigh number is higher on flow in lower Rayleigh number and the effect decreases as the Rayleigh number goes up.. 
